To assess the efficacy and safety of ultrasound-guided intragestational injection of methotrexate (MTX) and systemic intramuscular MTX in the management of cesarean scar pregnancies.
Introduction
A cesarean scar pregnancy (CSP) is a rare and potentially lifethreatening form of ectopic pregnancy in which the embryo implants in an iatrogenic cesarean scar [1] . Therefore, the accurate and early diagnosis of CSP is very important for prognosis. In recent years, the measurement of serum beta-human chorionic gonadotropin (β-hCG) has become easier and the use of ultrasound imaging has permitted earlier and more accurate diagnosis of CSP, thereby facilitating the successful preservation of the uterus without causing maternal complications [2] .
CSP may be managed conservatively with intragestational methotrexate (MTX) injection, systemic MTX administration, or both; surgical evacuation with or without balloon catheter; and uterine artery embolization [3] . Although MTX-based
Diagnosis and treatment
The diagnosis standard of tranvaginal ultrasound (ATL 5000; Philips Medical Systems, Bothell, WA, USA) and β-hCG level were used for diagnosis and follow-up.
The diagnostic criteria of transvaginal ultrasound were as follows: 1) an empty uterine cavity, with a clearly demonstrated endometrium; 2) an empty cervical canal; and 3) a gestational sac, with or without fetal cardiac activity, was located in the anterior part of the uterine isthmus, embedded in and surrounded by the myometrium and the fibrous tissue of the scar, and separated from the endometrial cavity or fallopian tube [4] .
All of the 15 patients in the systemic MTX group received (50 mg/m 2 body surface area) intramuscular MTX administration.
Ultrasonography imaging and serum β-hCG were performed on day 7 after MTX administration. Treatment failure was defined as a reduction in serum β-hCG titer by <15% or an increase in serum β-hCG titer from pre-therapy levels these patients received additional treatment. The 26 patients in the local MTX group received an injection of MTX (50 mg/m 2 body surface area) directly into the CSP. All patients were retrospectively followed up with ultrasonography and serial β-hCG measurements.
The following clinical characteristics were evaluated: maternal age, parity, gestational age, previous cesarean deliveries, previous dilatation and evacuation, mean gestational distance, initial serum β-hCG and time to resolution of β-hCG less than 5 mIU/mL.
Statistical analysis
Data were collected and evaluated for parametric and nonparametric analysis. Mean±standard deviation is presented for continuous and ordinal data, whereas categorical data are presented as the absolute count and percentage. Statistical analysis was performed with the SPSS package (SPSS, Chicago, IL, USA). Statistical significance was calculated using the χ 2 test and the t-test for differences in continuous variables.
Odds ratios and their 95% confidence interval were computed. P<0.05 was considered statistically significant.
Results
The clinical characteristics of pregnancies are shown in Table  1 . A total of 41 cases were enrolled in the study. The mean age of the patients was 34.6 years (range 25-42 years). The mean abortion history was 1.68 times and the mean cesarean section was 1.36 times. The mean quantitative serum β-hCG at the time of initial diagnosis was 20,610.73 mIU/mL (range 263-71,316.50 mIU/mL) and the mean gestational age was 6.6 weeks (range 4.6-8.4 weeks). All patients were hemodynamically stable and had an unruptured ectopic pregnancy. The local MTX treatment involved an injection of MTX (25 mg/mL solution) directly into the CSP lesion. The injection was administered transvaginally under continuous ultrasound guidance using a 20-gauge needle. Anesthesia was not performed and the procedure was performed on the outpatient department. Ultrasonography was performed for approximately 10 minutes after the injection to confirm that the procedure was complete.
After local and systemic administration of MTX, patients were followed up with regular ultrasound and serum β-hCG Young Ran Kim, et al. Treatment of cesarean scar pregnancy levels. Follow-up consisted of weekly outpatient clinical assessment and measurements of serum β-hCG levels. Once β-hCG levels declined to <25 IU/L, an ultrasound examination was performed to assess the size of the retained products of conception. Ultrasound examinations were then arranged on a monthly until it was confirmed that all pregnancy tissue had been spontaneously expelled or absorbed.
The comparison of demographic data of the 2 groups according to treatment method is shown in Table 1 . The mean time to normalization of β-hCG was 56.4 days and 41 days in the local and systemic treatment groups, respectively (Table  1 ). There were no statistically significant differences between groups with respect to maternal age, parity, previous caesarean deliveries, and previous dilatation and evacuation; however, gestational age was significantly higher in the local MTX treatment than in systemic MTX treatment. And the 2 groups did not differ with respect to gestational age at the start of treatment. Furthermore, the success rate of treatment was significantly higher in the local MTX treatment compared to the systemic MTX treatment was 93.75% vs. 73.33%, respectively.
There are reports between the local MTX group and the systemic MTX group with respect to maternal age, previous abortion, initial β-hCG, result of treatment, and resolution time to normal β-hCG (Tables 2 and 3) .
Local MTX administration resulted in normalization of β-hCG at a dose significantly lower than that of systemic intramuscular administration. In other words, after local MTX treatment, serum β-hCG levels declined rapidly over days and then more gradually, without additional elevation of serum β-hCG. In contrast, after systemic MTX treatment, serum β-hCG levels increased for the first 2 days, and then gradually declined with a mean resolution time of 41 days ( Figs. 1 and 2 ). In addition, local MTX treatment was more effective than systemic therapy and the former treatment was associated with a minimal side effect profile.
There were no cases of adverse events following local MTX treatment. In the systemic MTX treatment, 2 patients experienced gastrointestinal complaints such as nausea and vomiting. However, more severe adverse effects such as leukopenia, thrombocytopenia, liver toxicity, and hair loss were not observed in either group. No patients treated with local MTX injection were admitted to the hospital, but the average length of hospital stay was 10 days in the systemic MTX treatment.
In comparison, there were no side-effects in the group of women who received local therapy suggesting that local MTX injection treatment appears to be more successful and better tolerated by patients and may be used as the first-line therapy.
Discussion
The incidence of CSP is rapidly rising because of the increased use of ultrasound in early gestation and the rising rate of cesarean section delivery [5] . Between 2009 and 2012, only 6 patients were detected or referred to our department for treatment of CSP, whereas the remainder of the patients enrolled in this study were referred to us during last 3 years (2012-2015) thereby supporting previous evidence that there has been a trend toward an increased CSP incidence. Data are shown as mean±standard deviation (range) or number (%). D&C, dilatation and curettage; C/S, cesarean section; MGD, mean gestational sac diameter; β-hCG, beta-human chorionic gonadotropin.
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Because most women with CSP are of reproductive age and want to remain fertile, treatment should be purposed to eliminate the CSP while retaining the woman's fertility. In this context, medical or minimally invasive treatments are preferable over surgical treatments. Therefore, a variety of treatment modalities have been proposed and studied [6] .
Local and systmic MTX treatment are the 2 most widely used modes of treatment of CSP. Local intragestational MTX injection is one of the most popular treatments for CSP because of the prompt response and minimal side-effect profile such as leukopenia, thrombocytopenia and liver toxicity. However, studies evaluating the outcome of local MTX injection have reached conflicting results. Seow et al. [7] treated 11 women with non-ruptured CSP and reported that 6 patients required additional systemic MTX administration. The authors reported that treatment success depended on β-hCG levels (<20,000 mIU/mL) and suggested that administration of additional systemic intramuscular MTX reduced rupture in patients whose β-hCG levels continued to rise the day after local MTX injection. Cheung [8] reviewed the existing literature on CSP treatment and showed that local MTX injection had a 73.9% success rate. They also demonstrated that the addition of local or intramuscular MTX increased the cure rate to 88.5%.
In contrast, Hafner et al. [9] reported that local therapy was successful in all 5 cases (100%), whereas 4 out of 5 (80%) women receiving systemic intramuscular MTX were cured. Significant side-effects were noted in 2 women following systemic therapy. In comparison, there were no side-effects in Young Ran Kim, et al. Treatment of cesarean scar pregnancy the group of women who received local therapy. Suggesting that local administration appears to be more successful and better tolerated by patients and may be used as the first-line therapy.
In this study, although the initial β-hCG was significantly higher in the local MTX treatment. The success rate of the latter group was higher than that of the systemic MTX treatment. As explained in previous studies [7] [8] [9] , comparing 2 treatments showed conflicting results elevation and/or limited decrease of β-hCG after local injection suggests treatment failure, and patients received additional treatment. However, our data showed that serum β-hCG levels after local injection declined rapidly over days and then more gradually without additional therapy. In contrast, after administration of systemic intramuscular MTX, serum β-hCG levels increased for the first 2 days, and then gradually declined with additional therapy. This phenomenon may be due to the fact that disruption of the chorionic sac may exacerbate the initial cytotoxic lysis of the trophoblast, and lead to a prompt increase of β-hCG following systemic MTX treatment [10] . Alternatively, the steady decline of β-hCG levels following local MTX injection may be because local MTX injection is rapidly absorbed into not only 
